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A B S T R A C T

Purpose
The vast majority of patients with cancer at the end of life receive parenteral hydration in hospitals
and no hydration in hospice, with limited evidence supporting either practice. In this randomized
controlled trial, we determined the effect of hydration on symptoms associated with dehydration,
quality of life, and survival in patients with advanced cancer.

Patients and Methods
We randomly assigned 129 patients with cancer from six hospices to receive parenteral hydration
(normal saline 1 L per day) or placebo (normal saline 100 mL per day) daily over 4 hours. The
primary outcome was change in the sum of four dehydration symptoms (fatigue, myoclonus,
sedation and hallucinations, 0 � best and 40 � worst possible) between day 4 and baseline.
Secondary outcomes included Edmonton Symptom Assessment Scale (ESAS), Memorial Delirium
Assessment Scale (MDAS), Nursing Delirium Screening Scale (NuDESC), Unified Myoclonus
Rating Scale (UMRS), Functional Assessment of Chronic Illness Therapy–Fatigue (FACIT-F),
Dehydration Assessment Scale, creatinine, urea, and overall survival. Intention-to-treat analysis
was conducted to examine the change by day 4 � 2 and day 7 � 2 between groups.

Results
The hydration (n � 63) and placebo (n � 66) groups had similar baseline characteristics. We found
no significant differences between the two groups for change in the sum of four dehydration
symptoms (�3.3 v �2.8, P � .77), ESAS (all nonsignificant), MDAS (1 v 3.5, P � .084), NuDESC
(0 v 0, P � .13), and UMRS (0 v 0, P � .54) by day 4. Results for day 7, including FACIT-F, were
similar. Overall survival did not differ between the two groups (median, 21 v 15 days, P � .83).

Conclusion
Hydration at 1 L per day did not improve symptoms, quality of life, or survival compared with placebo.

J Clin Oncol 31:111-118. © 2012 by American Society of Clinical Oncology

INTRODUCTION

One controversial issue in the United States is
whether patients with advanced cancer receiving
hospice care should receive parenteral hydration
when they are no longer able to maintain adequate
fluid intake. Most patients with cancer will decrease
their oral intake before death as a result of severe
anorexia, nausea, dysphagia, and/or delirium. De-
hydration in turn can cause or aggravate symptoms
such as fatigue, myoclonus, and delirium.1,2 In addi-
tion, dehydration can result in accumulation of ac-
tive metabolites of opioids that are commonly
prescribed in this population, thereby producing se-
vere sedation, agitation, or generalized myoclonus.

There are no established standards for hydra-
tion at end of life. Patients with advanced cancer

with dehydration nearly always receive parenteral
hydration in acute care facilities but almost never in
hospice care. There is little scientific evidence to
support either approach. The only double-blind
randomized controlled study on this topic, which
was conducted by our group, suggested that paren-
teral hydration decreases some symptoms associ-
ated with dehydration in patients with advanced
cancer compared with placebo.3 In addition, several
retrospective studies have suggested that hydration
can reduce neuropsychiatric symptoms such as se-
dation, hallucinations, myoclonus, and fatigue.4,5

We conducted this randomized controlled trial
to determine whether parenteral hydration was su-
perior to placebo in improving symptoms associ-
ated with dehydration, delayed the onset and/or
severity of delirium, and had an effect on quality of
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life (QoL) and survival in patients with advanced cancer receiving
hospice care.

PATIENTS AND METHODS

Patients

Eligible patients were recruited between February 5, 2007, and April 16,
2011. Participating sites included Silverado Hospice, Odyssey Hospice, Vitas
Hospice, Houston Hospice, and Christus VNA Hospice in the Greater Hous-
ton area. Inclusion criteria were a diagnosis of advanced cancer (ie, locally
recurrent or metastatic disease), an age of 18 years or older, an admission to
hospice, a reduced oral intake of fluids with evidence of mild or moderate
dehydration as defined by decreased skin turgor in subclavicular region (� 2
seconds) and a score of � 2 of 5 in the clinical dehydration assessment (see
Study Assessments),6 an intensity of � 1 on a 0 to 10 scale (0 � no symptom,
10 � the worst possible symptom) for fatigue and two of the three other target
symptoms (hallucinations, sedation, and myoclonus), a life expectancy � 1
week, availability of a primary caregiver, a Memorial Delirium Assessment
Scale (MDAS) score less than 13, an ability to give written informed consent,
and geographic accessibility (within 60 miles of The University of Texas MD
Anderson Cancer Center). Patients were excluded if they had severe dehydra-
tion, defined as decreased blood pressure or low perfusion of limbs, decreased
level of consciousness, or no urine output for 12 hours, history or clinical
evidence of renal failure with creatinine more than 1.5� upper normal limit,
history or clinical evidence of congestive heart failure, or history of bleeding
disorders demonstrated by clinical evidence of active bleeding, hematuria,
hematoma, ecchymoses, and petechiae. The institutional review board at MD
Anderson Cancer Center approved this study. All patients provided written
informed consent.

Study Design and Interventions

In this randomized, placebo-controlled, double-blind, multicenter
study, eligible patients were stratified according to the accrual site. Using a
computer-generated simple randomization scheme, the study pharmacist
randomly assigned patients in a 1:1 ratio to receive either 1,000 mL (hydration
group) or 100 mL (placebo group) of normal saline at home infused subcuta-
neously over 4 hours daily until the patient was unresponsive, developed
progressive coma, or died. A volume of 1,000 mL per day was chosen on the
basis of previous studies demonstrating that this amount was adequate to
improve clinical outcomes in palliative care patients.3,7 Patients were ap-
proached and assessed by the research nurses at home on referral from the
hospice team.

Both the patient and research nurse conducting the study assessments
were blinded to the study intervention and the randomization sequence.
Blinding was achieved by having a separate infusion research nurse who was
aware of the treatment assignment, set the infusion at the appropriate rate,
covered and placed the infusion pump in a locked backpack, and started the
infusion at the patient’s home each day. Blinding was further assured by the use
of identical backpacks, counter weight (900 g) in the placebo backpack, and
concealment of the rate of infusion on the infusion pump by a tape. At the end
of study, we asked patients about their perception of study arm they have been
assigned to (hydration, placebo, or do not know).

Study Assessments and End Points

Symptom burden, including fatigue, myoclonus, sedation, hallucina-
tions, pain, nausea, depression, anxiety, drowsiness, shortness of breath, appe-
tite, feelings of well-being, and sleep, was assessed using the Edmonton
Symptom Assessment Scale (ESAS), which has been validated in the cancer
population. Patients were asked to rate the severity of their symptoms over the
previous 24 hours using a numerical rating scale of 0 to 10, with 0 meaning that
the symptom is absent and 10 meaning the worst possible symptom.8-10 The
primary outcome was change in the sum of four dehydration symptoms
(fatigue, myoclonus, sedation, and hallucinations) between day 4 and baseline,
which ranged from 0 to 40. Myoclonus was further assessed using the Unified
Myoclonus Rating Scale (UMRS), a validated, videotape-assisted, clinical rat-
ing instrument.11 Sections 2 and 5 were used in this study. Section 2 assesses

myoclonus at rest, and each item is rated on a scale of 0 to 4 (0 � “no jerks,”
4 � “� 10 jerks” in 10 seconds). Section 5 assesses performance of functional
tests, and each item is rated on a scale of 0 to 4 (0 � “normal,” 4 � “cannot
complete the task”).

Other secondary outcomes included delirium, QoL, and overall survival.
The Memorial Delirium Assessment Scale (MDAS), the Richmond Agitation
Sedition Scale (RASS), and the Nursing Delirium Screening Scale (NuDESC)
were used to assess delirium. MDAS is a validated, clinician-rated rating scale.
It consists of 10 items; each is scored from 0 to 3, with a diagnostic cutoff score
of 7 of 30 or above supporting the presence of delirium.12 RASS is a one-item
scale that measures the predominant features of delirium (agitation or seda-
tion).13,14 NuDESC is a validated observational instrument conducted by
research staff based on input from family caregivers. Five symptoms (disori-
entation, inappropriate behavior, inappropriate communication, illusions or
hallucinations, and psychomotor retardation) are each give a score from 0 to 2,
for a total score of 10.15

Patients also rated their QoL and fatigue during the last 7 days using the
Functional Assessment of Chronic Illness Therapy–Fatigue (FACIT-F) ques-
tionnaire. The fatigue subscale consists of 13 items. Patients rate the intensity
of fatigue and its related symptoms on a scale of 0 to 4 (0 � “not at all,”
4 � “very much”).16

Hydration status was assessed with the dehydration assessment scale on
the basis of three physical findings, moisture on the mucous membranes of the
mouth (0 � moist; 1 � somewhat dry; 2 � dry), axillary moisture (0 � moist;
1 � dry), and sunkenness of the eyes (0 � normal, 1 � slight sunken, 2 �
sunken).6 These signs are selected on the basis of their significant correlations
with biologic dehydration, as previously confirmed in elderly patients.17-19

The dehydration score (range, 0 to 7) is calculated as the total of these three
scores. A higher score indicates a higher level of dehydration. We also collected
electrolytes, creatinine, and urea.

All the preceding study assessments were conducted at baseline and day
4 � 2 days for the first week and then every 3 to 5 days until the patient was off
study, with the exception of FACIT-F and laboratory tests, which were only
conducted at baseline and day 7, and the UMRS, which was not conducted
at baseline.

Global symptom evaluation was used to estimate the minimal important
difference in symptoms (fatigue, myoclonus, sedation, hallucinations, and
delirium) before and after treatment. Patients were asked about their symp-
toms (worse, about the same, or better) after starting treatment. This tool has
been used in a number of symptom researches.20

Overall survival was defined as time from study enrollment to last date of
follow-up or death.

Statistical Analysis

A planned sample size of 150 patients (75 per arm) was powered to detect
an effect size difference between the two study arms of 0.50 standard deviation
units (ie, change of 4.2 on a 40-point scale), with an a two-tailed type I error
rate of 0.05 and an 80% power assuming a maximum attrition rate of 15% by
the 4-day follow-up. Because of funding limitations, this study was terminated
after 129 patients were enrolled.

We summarized the baseline demographics and symptom profile using
descriptive statistics, including medians, means, standard deviations, ranges,
interquartile ranges, and frequencies.

We conducted a before-and-after analysis comparing between baseline
and either day 4�2 or day 7�2 using the paired t test for continuous variables
that were normally distributed (ie, ESAS) and the Wilcoxon rank sum test for
continuous, nonparametric variables (eg, NuDESC). Intention-to-treat anal-
ysis was conducted to compare the change between the two arms using the t
test for continuous variables that were normally distributed (ie, ESAS), the
Mann-Whitney U test for continuous, nonparametric variables (eg, Nu-
DESC), and the Fisher’s exact test for categorical variables (eg, global symptom
evaluation). A two-sided P value of less than .05 was considered statistically
significant. We used the Kaplan-Meier method and log-rank test for sur-
vival analysis.

SPSS version 16.0 (SPSS, Chicago, IL) software was used for statisti-
cal analysis.
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RESULTS

Patient Characteristics

Figure 1 shows the study flowchart. Nine patients (7%) died
before reaching the primary end point. Baseline patient characteristics
were similar between the two study arms (Table 1). Eighty-eight per-
cent of patients (n � 113) had Eastern Cooperative Oncology Group
performance status of 3 to 4.

We asked patients and caregivers to guess the treatment assign-
ment to check the effectiveness of blinding. A large proportion of
patients (67%) and caregivers (42%) reported that they did not know
which study arm the patients had been assigned to, and only 17% of
patients and 29% of caregivers correctly guessed the study interven-
tion that the patient received, suggesting that blinding was effective.

Change in Symptom Profile

By day 4, both hydration (mean, �3.3; P � .004) and placebo
groups (mean, �2.8; P � .03) demonstrated significant improvement
in the sum of four dehydration symptoms as compared with baseline
(Table 2). Furthermore, the hydration group demonstrated improve-
ments in hallucinations (P � .002) and myoclonus (P � .01), whereas
the placebo group demonstrated improvements in pain (P � .02),
depression (P � .04), anxiety (P � .002), and myoclonus (P � .03).
However, there were no significant differences between groups for the
change in the sum of four dehydration symptoms or any individual
symptoms (Table 2).

By day 7, we found no significant improvements in the sum of
four dehydration symptoms from baseline in either groups. Both

groups demonstrated significant improvements in nausea, depres-
sion, and myoclonus, as compared with baseline (P � .05, Table 2).
However, we found no significant differences between the two groups
for the change in the sum of four dehydration symptoms or for any
individual symptoms (Table 2).

On the global symptom evaluation, a majority of patients
(� 50%) in both study groups described improvement with their
symptoms from baseline at days 4 and 7 (Table 3). However, there was
no significant difference in improvement between the two groups.

Delirium Outcomes

MDAS and RASS scores significantly worsened from baseline
in both groups at days 4 and 7 (P � .001; Table 2). There was a
trend for less deterioration in the hydration group as compared
with the placebo group (RASS, P � .065; MDAS, P � .085). By day
4, the placebo group showed significantly more deterioration from
baseline in night-time NuDESC scores as compared with the hy-
dration group (P � .028; Table 2).

QoL

We observed significant improvements in Functional Assess-
ment of Cancer Therapy–General (mean 6.7, P � .021) and FACIT-F
(mean 9.1, P � .008) scores for the hydration group at day 7, and a
trend for improvement for the placebo group (mean 2.6, P � .07 and
mean 1.4, P � .086, respectively) (Table 2). However, there was no
significant difference in the change in Functional Assessment of Can-
cer Therapy–General and FACIT-F scores from baseline between the
hydration and placebo groups (P � .05).

Assessed for eligibility
(N = 905)

Randomly assigned
(n = 129; 14%)

Excluded
   Declined to participate
   Did not meet inclusion 
      criteria
         Delirium/actively dying
         No dehydration
         Non-English speaking
         Brain metastases
         Other
   Died
   Unable to contact

(n = 776)
(n = 205)
(n = 387)

(n = 110)
 (n = 26)

   (n = 25)
  (n = 22)

  (n = 204)
(n = 154)
(n = 30)

Allocated to hydration 
   Received allocated intervention
   Did not receive allocated 
      intervention
         Died
         Declined to participate
         Other

(n = 63)
(n = 59)
(n = 4)

 (n = 2)
   (n = 1)
  (n = 1)

Allocated to placebo
   Received allocated intervention
   Did not receive allocated 
      intervention
         Died
         Declined to participate
        

(n = 66)
(n = 62)
(n = 4)

 (n = 1)
   (n = 3)

Lost to follow-up
Discontinued intervention
   Died
   Unable to complete 
      questionnaires
   Withdrew

(n = 0)
(n = 10)
(n = 2)
(n = 4)

   
(n = 4)

 

Lost to follow-up
Discontinued intervention
   Died
   Unable to complete 
      questionnaires
   Withdrew

(n = 0)
(n = 9)
(n = 4)
(n = 3)

   
(n = 2)

 

Analyzed 
Excluded from analysis

(n = 49)
(n = 0)

 

Analyzed 
Excluded from analysis

(n = 53)
(n = 0)

 

Fig 1. CONSORT diagram.
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Table 1. Baseline Patient Characteristics

Characteristic

Hydration (n � 63) Placebo (n � 66) Total (N � 129)

No.� %� No.� %� No.� %�

Age, years
Median 67 67 67
Range 43-92 41-92 41-92

Female sex 25 40 36 55 61 47
Race

White 36 57 41 62 77 60
Black 15 24 18 27 33 26
Hispanic 10 16 7 11 17 13
Other 2 3 0 0 2 1

Cancer
Breast 2 3 6 9 8 6
GI 25 40 22 33 47 36
Genitourinary 11 18 8 12 19 15
Gynecologic 5 8 4 6 9 7
Head and neck 1 1 3 5 4 3
Hematologic 2 3 2 3 4 3
Lung 11 18 13 20 24 19
Other 6 9 8 12 14 11

ECOG performance status
2 8 13 6 9 14 11
3 32 53 34 52 66 52
4 21 34 26 39 47 37

ESAS†
Pain 4 2-6 5 1-6 4 2-6
Fatigue 7 5-8 7 5-9 7 5-8
Nausea 0 0-5 0 0-5 0 0-5
Depression 2 0-5 2 0-5 2 0-5
Anxiety 3 0-5 2 0-5.5 3 0-5
Drowsiness 5 4-7 6 4-8 5 4-7
Dyspnea 3 0-5 3 0-5 3 0-5
Appetite 8 5-9 7 5-9 7 5-9
Well-being 5 3-8 5 4-7 3 0-5
Hallucinations 3 0-4.5 2.5 1-5 5 3-7
Myoclonus 3 1-5 3 1-5 3 1-5

Composite outcome (fatigue, drowsiness, hallucinations, myoclonus)† 18 15-22 18 15-22 18 15-22
Opioid use

Morphine 35 59 37 58 72 59
Hydromorphone 6 10 7 11 13 11
Oxycodone 2 3 4 6 6 5
Fentanyl 3 5 5 8 8 7
Methadone 18 31 14 22 32 26
Hydrocodone 9 15 8 13 17 14
Propoxyphene 3 5 2 3 5 4
None 6 10 8 13 14 11

RASS† 0 �1-0 0 �1-0 0 �1-0
MDAS† 5 3-8 6 4-9 6 3-9
NuDESC, day† 1 0-2 1 0-3 1 0-3
NuDESC, evening† 1 0-3 1 0-3 1 0-3
NuDESC, night† 1 0-2 1 0-2 1 0-2
FACT–G† 57 52-64 61 50-71 59 51-66
FACIT–F† 74 62-82 68 58-88 72 59-84
Dehydration assessment scale† 3 3-4 3 2.8-4 3 3-4
Creatinine† 0.78 0.60-1.1 0.9 0.62-1.1 0.8 0.60-1.1
Osmolality† 290 281-298 292 282-302 290 281-299
BUN† 16 12-22 18 13-31 18 12-27
Sodium† 135 132-141 137 134-140 136 133-140
Calcium† 9 8-9 9 8-9 9 8-9
BNP† 230 2-521 170 3-519 220 84-518

Abbreviations: BNP, brain natriuretic peptide; BUN, blood urea nitrogen; ECOG, Eastern Cooperative Oncology Group; ESAS, Edmonton Symptom Assessment
Scale; FACIT-F, Functional Assessment of Chronic Illness Therapy–Fatigue; FACT-G, Functional Assessment of Cancer Therapy–General; MDAS, Memorial Delirium
Assessment Scale; NuDESC, Nursing Delirium Screening Scale; RASS, Richmond Agitation Sedition Scale; UMRS, Unified Myoclonus Rating Scale.

�Unless otherwise specified.
†Median and interquartile range.
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Hydration Status

The dehydration assessment scale improved from baseline in
both hydration and placebo groups at day 4, although this was not
observed at day 7 (Table 2). There was no significant difference be-
tween groups for the change in dehydration assessment scale from
baseline at day 4 or day 7. By day 7, the hydration group had a
significantly lower blood urea nitrogen level (change from baseline�2
v 2; P � .02). The change in creatinine level did not differ (P � .25).

Survival

The overall median survival was 17 days (95% CI, 13 to 21
days). As shown in Figure 2, there was no significant difference in
median survival between the hydration and placebo groups (21 v
15 days; P � .83).

DISCUSSION

Our study did not find parenteral hydration at 1,000 mL per day to be
superior to placebo (100 mL per day) in improving symptoms associ-
ated with dehydration, QoL, or survival in terminally ill patients with
cancer receiving home hospice care. Both groups reported similar
degree of improvement in their symptoms. We also observed a trend
for less deterioration in mental status in the hydration group.

One concern regarding the lack of observed difference between
groups is that the volume of hydration may have been too low. This

volume was specifically chosen based on our understanding that ter-
minally ill patients with cancer require lower hydration volume as a
result of weight loss, decreased insensible losses, decreased clearance of
free water, and advanced age.2,7,21,22 We previously found that larger
volumes were unnecessary in terminally ill patients with cancer.7 In-
deed, we observed a statistically significant improvement in the urea
level in the hydration arm, suggesting that hydration had taken place.
Rather, the short duration of hydration and a large placebo effect may
account for the lack of observed differences. Another limitation of this
study is the fact that we excluded patients with severe dehydration (eg,
hemodynamic instability, altered mentation) because these individu-
als tend to be acutely ill and in severe distress, making it difficult to
obtain informed consent, deliver the study interventions, and keep
them on study. Because some of these patients may have benefited the
most from parenteral hydration, future studies may consider inclu-
sion of this subgroup.

Although we observed no significant between-group differences
in the primary outcome, both groups demonstrated significant im-
provements in before-and-after comparison and similar levels of per-
ceived overall benefit. These findings are similar to our previous
hydration study3 and suggest that independent of the amount of
hydration received, frequent visits and assessments by research nurses
may result in significant improvement in the perception of overall
benefit, to the extent that it may even overshadow the biomedical
effect of hydration. One possible way to circumvent the potential
dramatic effect of nursing interventions may be by training family
members to administer fluids and limiting the frequency of phone
calls and assessments to the first and last day of study. In addition to
our clinical findings reported here, we were also able to collect patient
and family perceptions of hydration, which we published recently.23

In that study, we found the overwhelming majority of patients and
families found parenteral hydration as clinically useful and helped
enhance their comfort, dignity, and QoL. Our group has also observed
a large placebo effect in other types of symptom control studies.24-28

One critical argument related to hydration in terminally ill pa-
tients concerns the relationship between delirium and hydration sta-
tus. Delirium is common and progressive at the end of life and causes
immense distress to patients and families.29-33 Delirium has multiple
contributing etiologies, such as end organ failure, dehydration, and
medications.29,34,35 Preliminary studies conducted in advanced cancer
and elderly patients suggest that hydration may help in delirium pre-
vention5,36,37 or its reversal when delirium is attributed to dehydration
or opioid toxicities.38-40 We observed a significant deterioration in
MDAS and RASS scores for both groups. This is not surprising given
the trajectory of illness and the fact that we excluded patients with

Table 3. Global Symptom Evaluation Between the Hydration Group and Placebo Group

Evaluation

Change Between Day 4 and Baseline Change Between Day 7 and Baseline

Hydration
(n � 36) Placebo (n � 39)

P�

Hydration
(n � 44) Placebo (n � 49)�

P�No. % No. % No. % No. %

Better 20 56 21 54 .79 9 50 12 57 .45
Same 14 39 17 44 9 50 7 33
Worse 2 6 1 3 0 0 2 10

�Fisher’s exact test.

Hydration (1,000 mL per day)
Placebo (100 mL per day)

Intervention
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Fig 2. Overall survival by hydration status. The median survival was 21 days
(range, 13 to 29 days) for the hydration group (gold) and 15 days (range, 12 to 18
days) for the placebo group (blue), with a P value of .83 (log-rank test).
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delirium upfront (ie, limited room for improvement). Interestingly,
we observed a trend for lesser decline in the hydration group and
significant worsening of nighttime NuDesc scores in the placebo
group. Future studies may need to include patients with delirium, who
may actually benefit the most from hydration. This could be done by
either obtaining informed consent before this complication occurs or
by using proxy consent.

The overall median survival for study participants was 17 days,
which is similar to the life expectancy of hospice patients across the
United States.41 We did not observe any significant differences in sur-
vival between the two study arms. Consistent with other studies,6,42-46

our study suggests that patients with a short life expectancy may not
benefit from hydration in regard to survival.

Our study suggests that placebo-controlled interventional tri-
als are feasible in the hospice setting. Supportive care trials are
rarely done in this setting,47 out of the ethical concern that these
trials may be too burdensome for patients and families and that
many would decline enrollment.47 In our study, the majority of
patients and families who we approached expressed willingness to
participate. Although current hospice regulations precludes pa-
tients who elect hospice from participating in disease-modifying
clinical trials, supportive care studies with the potential to improve
symptoms and QoL should be encouraged.48

Our study had several limitations. First, our planned sample size
was 150 patients, but because of funding issues, we terminated the
study after 129 patients. The power to detect statistical significance
given the found values and sample sizes was 4.8%; with 64 per group
this would only have increased to 5.2%. Second, we conducted testing
for multiple outcomes. Thus P values close to .05 should be inter-
preted with caution. Third, we excluded patients with severe dehydra-
tion, as discussed previously. Fourth, we did not monitor oral fluid
intake during the study and therefore were unable to account for the

potential cointervention effect of oral intake as a result of home visits
by research nurses and patient/family education regarding benefits of
hydration. Future studies should include careful measurement of
oral intake.

In conclusion, our results suggest that in patients with advanced
cancer who are mildly to moderately dehydrated and within days to
weeks of death, parenteral hydration at 1,000 mL per day does not
improve symptoms associated with dehydration, QoL, or survival as
compared with placebo. Our study supports current hospice practice
of not administering hydration routinely. Further studies are required
to determine whether any subgroups, such as delirious patients or
those with longer survival, would benefit from parenteral hydration.
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